Abstract erm, er81 and pea3 are three related genes that define a novel Ets-related subfamily of transcription factors. The expression patterns of these genes has been previously characterized in the mouse from embryonic day (E) 9.5 to birth (Oncogene 15 (1997) 937). In this study, we report differential expression patterns of the PEA3 group genes during early mouse post-implantation development. erm and pea3 expression patterns were partly overlapping. erm was activated prior to pea3 in the distal tip of the embryonic epiblast but, at primitive streak-stages, both genes were coexpressed in the posterior region of the embryo in epiblast, primitive streak and adjacent mesoderm. Similar erm and pea3 expression patterns were seen later in posterior neural plate, presomitic and lateral mesoderm, mesonephros, and tail bud. Only erm, however, was expressed in specific brain regions corresponding to prospective midbrain and ventral forebrain. erm was also strongly expressed as early as E8 in the developing branchial region, especially at the level of branchial pouches, whereas pea3 transcripts appeared later in frontonasal and first arch mesenchyme. er81 transcripts were not detected prior to E9.0-9.5, suggesting that this gene may not be involved in early developmental events. q
Transcription factors of the PEA3 group belong to the wide Ets family of proteins characterized by a highly conserved DNA-binding ETS domain (Sharrocks et al., 1997) . This group is currently composed by three members, ERM, ER81 and PEA3 (for review see de Launoit et al. (1997) ) which are closely related to each other. Expression of the erm, er81 and pea3 genes has previously been studied in mouse from E9.5 to birth and after, and it has been shown that all three genes are expressed in numerous developing organs of different embryonic origin (Chotteau-Lelièvre et al., 1997; Lin et al., 1998) . However, these genes presented distinct patterns of expression, especially in organs which develop through epithelial-mesenchymal interactions. To gain insight about the potential implication of the PEA3 group genes during gastrulation and early morphogenetic events, we have compared their patterns of expression from E6.5 to E9 of murine embryonic development, using both whole-mount in situ hybridization (ISH) and ISH on histological sections.
Results

erm expression
At the egg-cylinder stage (E6.5-E7.5), no obvious erm signal was seen in extraembryonic tissues (Fig. 1A and data not shown). Specific labelling was seen, however, in the distal portion of the egg-cylinder (Fig. 1A) . On histological sections, erm signal was mostly distributed in the embryonic ectodermal layer (Fig. 2A) . In primitive streak-and headfold-stage (E7.75-8.0) embryos, whole-mount ISH showed erm transcripts restricted to the posterior region of the embryo, extending from the level of the node region to the base of the allantoic bud (Fig. 1B) . On sections, signal was seen in the epiblast, the primitive streak and the lateral posterior mesoderm (Fig. 2B ). Anterior regions of the embryo were negative (Fig. 1B) , except for the presence .5. al, allantois; br, branchial arches; cd, caudal region; de, decidua; em, embryonic portion; epc, ectoplacental cone; ex, extra-embryonic portion; fb, forebrain; fl, forelimb bud; fn, frontonasal mass; hf, headfold; im, intermediate mesoderm; lm, lateral mesoderm; mb, midbrain; md, mandibular arch; n, node; np, neural plate; op, optic vesicle; ot, otic placode/ vesicle (otocyst); pm, presomitic mesoderm; pr/di, proximo-distal axis of the egg-cylinder; ps, primitive streak; sl, sclerotomes; so, somites. Hoechst staining control (left panels). (E) Diagram of the early mouse embryo illustrating the transverse section planes in (B,C). Ectodermal, mesodermal and endodermal layers are depicted in blue, red and yellow, respectively. am, amnion; ed, primitive endoderm; el, ectodermal layer; em, embryonic mesoderm; epc, ectoplacental cone and cavity; ex, extra-embryonic portion; ml, mesodermal layer; pe, parietal endoderm; pr/di, proximo-distal axis; ps, primitive streak; tc, trophoblast cells; ve, visceral endoderm; ysc, yolk sac cavity. Scale bar: 100 mm (A,C) and 95 mm (B,D). of a discrete labelled area at the base of the headfolds (Fig.  1B, arrow and Fig. 3A) .
At E8.5 (Fig. 1C ) and E8.75 (Fig. 1D) , whole-mount ISH showed that strong erm expression persisted in the caudal region of the embryo. Both the caudal neural plate and adjacent presomitic mesoderm were labelled (Fig. 1E) , whereas erm transcripts extended up to a more rostral location in intermediate and lateral plate mesoderm (Fig. 1D,E) . Restricted erm expression was seen in the cephalic region at the level of the developing branchial arches, as well as in prospective midbrain and ventral forebrain regions (Fig.  1C,D,F) . The optic vesicles, which evaginate from the diencephalon, were not or poorly labelled (Fig. 1D) . Sections performed on E8.0 and E8.5 embryos showed strong erm expression in the posterior primitive streak (Fig. 4A ) as well as in lateral mesoderm and yolk sac; the amniotic membrane was unlabelled (Fig. 4A,B) . Fig. 4A illustrates the focal expression of erm in the brain neuroepithelium: indeed both the forebrain and midbrain regions have been tangentially sectioned in the same plane.
At E9.0, erm expression was most intense in the rostral (A,B) . Ectodermal, mesodermal and endodermal layers are depicted in blue, red and yellow, respectively. ac, amniotic cavity; al, allantois; hf, headfold; mb, midbrain; nf, neural fold; pm, presomitic mesoderm; ps, primitive streak; ys, yolk sac; ysc, yolk sac cavity. Scale bar: 60 mm (A) and 80 mm (B). Ectodermal, mesodermal and endodermal layers are depicted in blue, red and yellow, respectively. am, amnion; ac, amniotic cavity; al, allantois; fb, forebrain; lm, lateral mesoderm; mb, midbrain; nf, neural fold; np, neural plate; ps, primitive streak; ys, yolk sac; ysc, yolk sac cavity. Scale bar: 85 mm (A), 80 mm (B) and 85 mm (C).
portion of each branchial arch, underlying the embryonic mouth (stomodaeum) and branchial pouches (Figs. 1L and 5A). Analysis of sections revealed high expression in forebrain neuroepithelium and branchial arch endoderm, and lower expression in mesenchyme (Fig. 5A) . erm expression was also detected in the dorsal otocyst epithelium (Figs. 1L and 5A) and in the outflow tract region of the heart (Fig.  1L) . erm was expressed in the differentiating sclerotome cells and in the mesonephros (Fig. 1L and data not shown; see Chotteau-Lelièvre et al. (1997) ). Strong expression was seen in the forelimb buds (Fig. 1L) , both in mesodermal and ectodermal components (data not shown). erm expression persisted in the caudal neuroepithelium and adjacent presomitic mesenchyme, but was not detected in hindgut (or other portions of the gut) epithelium (Fig. 5B and data not shown).
er81 expression
No expression was found at the egg cylinder stage. As development proceeded (E7.5-E8.5), no specific er81 signal could be detected, in either embryonic or extra-embryonic areas (data not shown). Later, at E9.5, a faint signal was detected in mesenchymal cells of the frontonasal and branchial arch regions (data not shown; see Chotteau-Lelièvre et al. (1997) ).
pea3 expression
No pea3 signal was seen at the egg-cylinder stage (Figs. 1G and 2C) . Transverse sections of early primitive streakstage embryos displayed a faint signal within both the ectodermal and mesodermal layers (Fig. 2D) . At the headfold stage, however, marked expression was seen in the posterior region of the embryo (Fig. 1H ). pea3 posterior expression, which persisted at later developmental stages (E8.5-8.75), was clearly similar to that of erm (Fig. 1I ,J, compare to Fig.  1C,D) . Both genes were strongly expressed in posterior neural plate and, to a lesser extent, in posterior presomitic and lateral mesoderm (compare Fig. 1E and Fig. 1K ). Furthermore, expression of both genes extended rostrally along the intermediate and lateral mesoderm (Fig. 1D ,J, arrows and Fig. 1E,K) . However, pea3 was not significantly expressed in the head region at headfold-stages (Fig. 1H,I ), although faint labelling appeared in the branchial region by E8.75 (Fig. 1J) . Sections performed at these stages showed strong pea3 expression in primitive streak region, comprising ectodermal and mesoderm layers. According to the section level, weaker expression was also detected in anterior mesoderm and in the allantois, but not in the amnion and yolk sac (Fig. 4C) . As previously described, pea3 was mainly expressed at E9.0-9.5 in the frontonasal and first arch mesenchyme, forelimb bud mesenchyme and ecto- The section plane is not currently transverse thus the bilateral symmetry is not respected. ba, branchial arch; cc, coelomic cavity; fb, forebrain; hb, hindbrain; hg, hindgut; ne, neuroepithelium; nt, neural tube; opv, optic vesicle; otv, otic vesicle; pm, presomitic mesoderm; spc, spinal cord. Scale bar: 60 mm (A) and 60 mm (B).
derm, mesonephros and tail bud extremity (data not shown; see Chotteau-Lelièvre et al. (1997) ).
The present study shows that the PEA3 group genes erm and pea3 are expressed in specific embryonic and extraembryonic areas during early mouse post-implantation development. These results corroborate the data obtained in a previous work on later stages and suggest important and specific roles for erm and pea3 genes in regulating developmental processes.
Materials and methods
Embryos were staged according to Kaufman (1992) . The erm, er81and pea3 mouse riboprobes, as well as the in situ hybridization experiments on sections were performed as previously reported (Chotteau-Lelièvre et al., 1997) . Whole-mount ISH was performed as described (Décimo et al., 1995) .
